Effect of crop choice on split fertilizer application by Nurmakhanova, Mira
Effect of crop choice on split fertilizer application 
 
Mira Nurmakhanova 
Department of Economics 








Selected Paper prepared for presentation at the American Agricultural Economics 















Copyright 2006 by author. All rights reserved. Readers may make verbatim 
copies of this document for non-commercial purposes by any means, provided that this 
copyright notice appears on all such copies. Effect of crop choice on split fertilizer application 
 
Agriculture provides a wide variety of environmental amenities and disamenities. On the 
positive side, farms provide open space and scenery. On the negative side, agriculture is a 
major contributor to numerous environmental problems.  
Nitrogen is an essential plant nutrient required to produce food and fiber. While 
the increase in the use of nitrogen fertilizer in agricultural production has contributed to 
the increase in food and fiber production in the United States in recent years, it has also 
been identified as a major contributor to the elevated concentration levels of nitrates in 
groundwater and surface water. High concentration levels of nitrates in drinking water 
supplied from groundwater and surface water have become a public concern because of 
their risks to human health.  
The Pew Oceans Commission on June 5, 2003 called for the federal government 
to force farmers to cut pollution running into waterways or risk losing federal aid 
(http://www.pewoceans.org/). The commission’s report says problems such as ocean 
dead zones will not improve unless farmers try to live up to the Clean Water Act. Some 
of the statistics show that Iowa and Illinois are two of the biggest sources of nitrogen 
running down the Mississippi River to the Gulf of Mexico (US Geological Survey).   
They account for up to 35 percent of the nitrogen washing down the Mississippi River 
watershed, which covers 41 percent of the lower 48 states. 
The amount of nitrogen fertilizer applied in excess of the amount taken up by the 
plant fertilized is a major source of nitrogen leaching into ground water. As a 
consequence, understanding the determinants of fertilizer and pesticide use, including the Introduction 
timing of application as well as the quantity applied is an important element in being able 
to solve these problems.  
Targeting vulnerable areas to reduce nitrate leaching and runoff associated with 
nitrogen fertilizer use into groundwater and surface water is plausible national 
environmental policy. The targeting approach recognizes the differences in the 
vulnerability of various types of soils and crops to leaching and runoff and, 
correspondingly, prescribes different policies to minimize (or at least mitigate) nitrate 
leaching or runoff. 
In order to reduce the nitrogen fertilizer use that is threat to the groundwater under 
the targeted cropland and surface water adjacent to the targeted cropland, a variety of 
methods is available. One approach is to adopt a fertilizer reducing farming practice, such 
as a crop rotation in which a legume crop (soybeans) is rotated with a non-legume crop 
(corn). The legume crop is used to provide fixed-nitrogen as a substitute for fertilizer-
nitrogen. Adoption of this sort of crop rotation can reduce the residual nitrogen in the soil 
through a reduction in the frequency and amount of nitrogen fertilizer applied on a field.   
Another approach is related to choosing timing of fertilizer application. Field 
experiments show that for certain types of soil, application of nitrogen fertilizer after 
planting can be more effective than before planting in reducing nitrogen losses, thereby 
reducing the aggregate amount of nitrogen fertilizer that must be applied and, therefore, 
reducing production cost. Time of nitrogen fertilizer application studies have been 
reported extensively in the literature. The general conclusion has been that nitrogen 
fertilizer should be applied nearest to the time it is needed by the crop, i.e., side-dressed 
several weeks after corn emergence (Huang et al. 1999).  Introduction 
This study focuses on understanding determinants of farmers’ decision making 
related to crop choice and timing of fertilizer application when farmers decide on both. 
One common approach to capturing the influence of land allocation on adopting 
alternative farming practices related to timing of fertilizer application is to treat crop 
choice as an exogenous variable in cross-section estimation of the farming practice 
choice problem. A typical approach is to estimate a single-equation, discrete choice 
model of technology adoption such as multinomial logit with crop choice as a right hand-
side variable. Alternatively, some studies estimate the technology choice model 
conditional on crop choice. 
In contrast to previous work, this paper estimates the parameters of a nested logit 
model of the joint probability of fertilizer application timing and land allocation. Relative 
to a standard multinomial logit, the nested logit approach relaxes the assumption of 
Independence of Irrelevant Alternatives and allows capturing the similarities among 
different crop-farming practice choices. For example, adoption of a particular crop- 
farming practice pair may depend on crop specific nitrogen fertilizer requirement so one 
would expect that substitution among fall and spring fertilizer applications for corn would 
differ from substitution patterns among fall and spring fertilizer applications for 
soybeans. The nested logit framework generalizes the multinomial logit model to allow 
for correlation among different groups of crops and farming practices. 
Understanding the factors that influence adoption of a crop-farming practice pair 
is important for policy design. Through more accurate modeling of crop-farming practice 
adoption it is possible to design more appropriate and effective interventions that can 
improve environmental quality at lower economic cost. Previous research 
Previous research 
Application of discrete choice models in empirical studies of the adoption pattern 
of farmers is quite extensive. Most are behavioral studies that examine the influence of 
factors such as farmer characteristics (human capital, attitude toward risk, preferences for 
environmental quality), natural features of the farm (soil structure, slope) and attributes of 
the farm operation (farm size, off-farm labor). Some examples of discrete choice 
variables are: adoption of conservation tillage, adoption of irrigation technologies, 
adoption of conservation practices, etc.  
The empirical literature on farming practice choice has identified the availability 
of a field for working in spring as an important incentive for farming practice adoption 
(see Fletcher and Featherstone 1987; Feinerman, Choi, and Johnson 1990; Kramer, 
McSweeney, and Stavros 1983; Huang, Heifner, Taylor, and Uri 2000). Split application 
of nitrogen might provide insurance against the risk that a late spring application will be 
infeasible. Factors affecting availability of field in spring include weather conditions, soil 
characteristics, and tillage system choice. 
One consistent finding in the farming practice adoption literature is the important 
role of environmental conditions. Some studies, such as conducted by Wu and Babcock, 
Wu and Segerson, and Soule find that field and soil characteristics such as clay 
percentage, organic matter content, available water capacity, slope, and land capability 
class are important factors influencing the adoption of alternative farming practice. 
Importance of weather conditions on choice of crop and farming practice has been 
examined in empirical literature by many researchers. It has been found that some 
climatic factors such as mean values of maximum and minimum temperature during the Previous research 
crop growing season and mean values of maximum and minimum precipitation during 
the crop growing season along with their standard deviations play an important role in 
choosing crop (Wu et al. 2003). Another consistent finding in the farming practice 
adoption literature is the important role of these climatic factors on farming practice 
adoption (Kurkalova, Cling, and Zhao 2003). Another interesting outcome of many 
econometric studies on farming practice adoption is the importance of soil nitrogen 
testing (see Wu and Babcock; Cooper and Keim 1996; Cooper 1997).  
Some studies have looked at the influence of socio-economic characteristics of 
farmers, farm characteristics, and farm attributes on the adoption of farming practices. 
They found that some farmers characteristics such as college education and years of 
experience play an important role in farmers’ decision making regarding adoption of 
farming practices (Cooper and Keim1996; Soule 2001; Wu and Babcock 1998).  Another 
consistent result in econometric studies on farming practice adoption is importance of 
farm size (Lichtenberg 2001; Soule 2001). It is not surprising since the bigger is the farm 
size the more time it requires to finish planting and the higher the farmers’ perceived 
probability of not being able to apply nitrogen after planting, farmers in this case will 
allocate more nitrogen before planting. 
One of the important results in farmers’ practice adoption literature is that the 
type of crop grown is important in determining the practice selected (see Wu et al. 2003; 
Lichtenberg 2001; Huang, Uri, and Hansen 1999). Fertilizer requirements vary by crop. 
Consequently, farmers’ decision making on adopting farming practice depends on the 
choice of crop. Previous research 
The model used in work of Wu et al. on the design of soil conservation policies 
considers the land allocation and farming practice adoption decisions as joint and the 
authors decompose the joint probability into the product of a conditional (farming 
practice|crop) and a marginal (crop) probability. However, they estimate these 
probabilities independently, making the assumption that the marginal and conditional 
probabilities are uncorrelated. This approach to measure the crop choice on farming 
practice adoption decision is not satisfying for the reason that the factors affecting 
farming practice also affect crop choice, with the result that farming practice adoption is 
treated as a joint decision with crop choice. For example, land characteristics such as 
field slope and organic matter content can have a strong influence on the choice of crop 
as well as farming practice. This suggests that crop choice and farming practice adoption 
should be modeled as a simultaneous system. Thus, assumption that the conditional 
(farming practice|crop) and marginal (crop) probabilities are uncorrelated ignores more 
complicated pattern of correlations among alternatives and as a result, coefficient 
estimates of that model are biased. As an alternative, the nested logit framework allows 
for correlation among different groups of technology and crops, effectively capturing the 
realistic constraints faced by farmers when selecting inputs and outputs. Although 
specification of the nested logit model imposes an ex ante structure on substitution 
patterns, often the relevant structure is quite apparent, especially when the researcher is 
considering adoption of well-known farming practices in a particular setting. In case of 
fertilizer application timing decision studied here, the nesting structure is based on real 
physical constraints faced by farmers.  Previous research 
This study considers the question of land allocation and farming practice adoption 
with reference to the problem of split fertilizer application. Understanding the factors that 
influence adoption of runoff-reducing practice is important for policy design. The nested 
logit model of joint choice of crop and timing of fertilizer application is employed to 
address this issue. 
Data and Model Specification 
Empirical Model 
This paper presents an economic model that analyzes the adoption decision of a 
farmer who is assumed to make a crop choice and fertilizer application timing decisions 
by choosing the combination that yields the maximum expected utility. Farmer can 
choose among three crops (corn, soybeans, and hay) and whether to apply fertilizer in 
spring only (so) or to use split application in fall and spring (fs). Therefore, farming 
practice adoption (decision on timing of fertilizer application) is taken to be a choice over 
two alternatives: (1) fall and spring (split) fertilizer application vs. (2) only spring 
fertilizer application. 
The farmer chooses the crop and farming practice pair that maximizes his 
expected utility. The crop-farming practice choices are represented on Figure 1 as a two-
level nested choice where the farmer chooses crop and timing of fertilizer application 
jointly, but for each crop the timing of fertilizer application might differ. 
Let  nij U  represent the n-th farmer’s utility from growing crop iwith farming practice j .  
The farmer will choose the ij -th alternative if   nij nkl UU i k >∀ ≠  and  jl ≠ . The 
farmer’s preferences are unknown to the researcher so his utility function is considered as 
a random from the perspective of the analyst (McFadden) and is written as Data and model specification: Empirical model 
(1)  nij nij nij UVε =+, 
where 
nij V         -is the observed component; 
nij ε          -is an unobserved component (random error term) 
Suppose that the farmer chooses among  1,..., iT =   crops and   so fs j , =   farming 
practices and assume that the vectors ( ) n ε ⋅⋅  of  nij ε ’s for a given farmer are independently 
and identically distributed with the Generalized Extreme Values (GEV) distribution, and 
nij ε  are uncorrelated across nests but not within nests. Then the probability that farmer 
































that can be reduced to: 
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where 1,..., iT =    and    so fs j , = . Data and model specification: Empirical model 
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denotes the probability that nest i is chosen. 
Specifying  nij V  as 
(4)  nij ij ij i i VZ X W Y α βη γ ′′′ ′ =+ + +  
where 
Z      -is a vector of observed individual characteristics that affect the crop- farming 
practice choice; 
ij X    is a vector of observed attributes of the crop- farming practice ij ; 
W   is a vector of individual characteristics affecting crop choice; 
i Y    is a vector of attributes affecting crop choice; 
ij α′   is a vector of parameters for observed individual characteristics that affect the 
crop- farming practice choice; 
β′  is a vector of parameters of observed attributes of the crop- farming practice ij ; 
i η′  is a vector of parameters of individual characteristics affecting crop choice; 
γ′  is a vector of parameters of attributes affecting crop choice; 
Thus, this model estimates farming practice and crop choices by incorporating 
both individual characteristics and choice attributes, therefore, the coefficients of Data and model specification: Empirical model 
individual field characteristics vary by choice, but the coefficients for choice attributes do 
not. 
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where T is the choice of three crops: corn, soybeans, and hay. The inclusive value  i I  
explicitly links crop choice to the technology choice. The coefficient  i θ  is a measure of 
independence among the choices in the nest given the i-th crop and the statistic 1 i θ −  is 
a measure of correlation (Train, 2003). When  1 i θ =  there is complete independence 
among choices in the i-th nest, therefore, the model collapses to multinomial logit.   
Therefore, a test of restriction that  1 i θ =  tests whether the IIA assumption is appropriate.
Data  
The implementation of the framework described requires data, that must be 
integrated from multiple sources. The data used in this paper comes from the 1992 Area 
Study survey conducted by the Economic Research Service (ERS) and the National 
Agricultural Statistics Service (NASS) of the U.S. Department of Agriculture (USDA). A 
total of 12 Area Study sites were sampled. Areas were selected to correspond to water 
systems under study by the U.S. Geological Survey (USGS) for water quality. Data and model specification: Data 
The Area Studies data includes detailed information on both production activities 
and environmental characteristics for 1,799 sample points in Iowa and Illinois. Personal 
interviews with farm operators were conducted to collect information on agricultural 
practices in the fields and socioeconomic characteristics of the farms where the sample 
points fell. The sample points were chosen to correspond with National Resource 
Inventory (NRI) sample points, which insures that information on soil properties is 
available, and also provides a statistical aggregation.  
The expected profits and the variances of the profits from growing corn and 
soybeans are estimated using the following formulas (Bain and Engelhardt): 
() ()() (,) () () EE p E yp y s d p s d y C π ρ =+ −  
22 () () () () () 2()()(,) () () VE y V p E p V y E p E y p y s d p s d y πρ ≅++ , 
where  p is the output price,  y is the crop yield, C is the non-random production cost, and 
() , () , () , (,) EV s dρ ⋅⋅ ⋅⋅ ⋅  are mean, variance, standard deviation, and correlation 
coefficient operators, respectively. Because the production of hay is less sensitive to 
weather conditions, profit from growing hay is assumed to be non-stochastic and 
estimated by subtracting the site-specific production costs from the expected revenue. 
Several approaches have been used to estimate farmers’ expected prices. Future prices, 
lagged market prices, support prices, and target prices were used to model farmers’ 
expected prices. Based on previous studies, the expected price for corn was specified as 
the higher of the weighted target price and the average futures price in the corn planting 
season (Wu et al., 2003). Following procedure used by Wu and others, the weighted 
target price is calculated by multiplying the corn target price by the portion of corn base Data and model specification: Data 
permitted for corn planting (1-Acreage Reduction Program [ARP] rate for corn). Data on 
ARP rate and target price were taken from USDA publications. The average futures price 
for corn in its planting season was estimated as average of closing prices in March on the 
Chicago Board of Trade (CBOT) for December corn. Soybeans is a non-program crop, 
and expected price for soybeans was specified as the average futures prices in its planting 
season, which were estimated as the average of closing prices in March on the CBOT for 
November soybeans. Hay is a multi-year, non-program crop. As expected prices for hay 
the market prices lagged one year were used. Data on actual county level yields and 
annual prices for different crops were gathered from National Agricultural Statistics 
Service (NASS) website http://www.nass.usda.gov:81/ipedb/ . 
  County-level, time-series crop data from NASS were used to estimate expected 
yields and yield variance in each county. A trend model  
y t α βε =+ + 
was estimated using OLS in each county for NASS data from 1970 to 1990. The resulting 
predictions were taken as expected yields. The estimated residuals were then used to 
generate the variances of yields, which are assumed constant over time. The non-
truncated correlation between price and yield was estimated to be (-0.381) for corn and   
(-0.192) for soybeans.  
  The perceived variances of corn and soybeans prices were estimated following 




() ( ) t j tj tj tj
j
Vp p E p ω −− − −
=
⎡⎤ =− ⎣⎦ ∑  Data and model specification: Data 
where the weights are 0.5, 0.33, and 0.17;  tj p −  is the annual average of market price for 
corn or soybeans in year tj −  and  1 tj E − −  is the expectation, at planting time of year 
tj − , of the price for the crop at harvesting in year tj − . 
  Site-specific production costs were developed through the use of USDA’s 
Cropping Practices Survey (CPS) data to generate statistically representative costs by 
state, crop, previous year crop, and tillage type.  Data on weather characteristics were 




  The variables used to describe the choice of crop are 1) expected profit from 
growing this crop, 2) variability of expected profit, 3) choice of crop in previous planting 
season, 4) climatic conditions, and 5) soil characteristics. The variables are assumed to 
affect the choice of crop in the following way:  
1.  Increase in expected profit should increase the likelihood of choosing that crop. 
2.   Variability in expected profits should decrease (or at least not increase) the 
likelihood of choosing that crop (Wu et al. 2003; Kurkalova, Cling, and Zhao 2003). 
3.  Selection of this year’s crop might be affected by the previous year’s crop choice, 
a reflection of rotational practices in the study region (Wu et al. 2003, Wu and Babcock 
1998). 
4.  Different  climatic conditions might favor choice of some crops and prevent 
choice of other crops. For example, Wu et al. found that crop choice is affected by 
temperature and precipitation levels during corn growing season.  Data and model specification: Variables definition 
5.  Organic matter contributes to plant growth through its effect on the physical, 
chemical, and biological properties of the soil. It has a 1) nutritional function in that it 
serves as a source of N, P for plant growth, 2) biological function in that it profoundly 
affects the activities of microflora and microfaunal organisms, and  3) physical and 
physico-chemical function in that it promotes good soil structure, thereby improving tilth, 
aeration and retention of moisture and increasing buffering and exchange capacity of 
soils. 
6.   Field slope: it is defined as the gradient of the field, measured as a percentage 
(Wu and Babcock 1998; Wu et al. 2003). 
The set of variables that affect farmers’ decision regarding the adoption of crop-
farming practice pair includes: climatic parameters, soil characteristics, human capital 
factors, farm characteristics, and management practice.  
The decision to adopt a particular crop-farming practice pair is affected by weather 
conditions (Fletcher and Featherstone 1987; Feinerman, Choi, and Johnson 1990; 
Kurkalova, Cling, and Zhao 2003; Wu et al. 2003): 
- Precipitation in the fall/spring keeps soils wet longer, thus leaving fewer days for field 
work in fall/spring. 
- Higher temperature variability in fall/spring leaves less days suitable for the field work 
in fall/spring. 
To capture the yield differences among NRI sites, physical variables reflecting 
land quality at individual NRI sites are included as independent variables into the model:  
-  Clay content: also affect how much of fertilizer applied in the fall is lost through 
leaching. The amount and kind of clay greatly affect the fertility and physical condition Data and model specification: Variables definition 
of the soil. They determine the ability of the soil to adsorb cations, retain moisture, and 
influence the shrink-swell potential, permeability, plasticity, the ease of soil dispersion, 
and other soil properties (Wu and Babcock 1998).  
To address farmer-level decision making on each field, information about farmer for 
each field in sample along with farm’s characteristics include: 
- Education of operator: More educated farmers are more aware of negative 
environmental consequences of fall fertilizer application and it might force operator to 
apply it in the spring rather than in the fall.  Discrete variable describes farmer’s 
education and takes values from 1 till 6 depending on formal education the operator has 
(Cooper and Keim 1996; Soule 2001). 
- Size of operation:  Total acreage operated by the farmer was included as an indicator of 
size of operation. The bigger is the farm the more time it requires to finish planting. Iowa 
State University Extension publications can be used to estimate the number of acres that 
can be completed per hour for different types and sizes of machines and total number of 
field days required to complete a series of machinery operations, such as tillage and 
planting. They also provide with the distribution of field days recorded for the April 2 to 
June 3 period (Cooper and Keim 1996; Soule 2001). 
Table 1 presents the list of explanatory variables used in the nested logit model and 
their descriptive statistics. Education of the operator is a discrete variable that varies from 
1, indicating that operator’s education is less than high school, to 6 showing that operator 
finished graduate school. Average value of education in a study region is around 3 that 
corresponds to vocational training after high school.   
 Data and model specification: Estimation results 
Estimation Results 
  The nested logit was estimated using full-information maximum likelihood 
(FIML) estimations.  Parameter estimates of factors affecting adoption of crop-farming 
practice are presented in Table 2. Table 3 contains the estimates for crop choice 
determinants. Overall, the model performs well; it correctly predicts the adoption of 
alternative crop-farming practice pairs at 71 percent of the sample points. The hypothesis 
that the coefficients of the inclusive values are equal to 1 can be rejected for all 
specifications at least at 1 percent level.  Also, all three inclusive values are jointly 
significantly different from 1. An inclusive value coefficient significantly different from 
1 suggests dissimilarity among all available alternatives. This result supports the choice 
of a nested logit model, over the more restrictive conditional logit model that does not 
allow for correlation within nests. The inclusive value measures the attractiveness of 
choosing fall fertilizer application relative to only spring one given choice of crop. 
From table 2, which contains the estimates of factors affecting adoption of crop-farming 
practice, we see that the size of operation has the expected sign and is significantly 
different from zero. The probability of fall fertilizer application is increasing with the size 
of operation. The negative sign of fall precipitation coefficient and standard deviation of 
fall temperature coefficient suggest that bad weather conditions in the fall will keep 
farmers out of field. The education of operator is significantly different from zero for fall 
fertilizer application in corn production suggesting that human capital factors such as 
knowledge and specialization in growing a particular crop can have a significant impact 
on the crop-farming practice choice. Sandy soils store less water and are therefore likely 
to produce less plant growth than soils with more clay. The positive effect of clay content Data and model specification: Estimation results 
on the probabilities of choosing fall fertilizer application for soybean and hay reflects this 
fact.  
From table 3, which contains the estimates for crop choice determinants, we see that for 
the statistically significant variables, the signs are generally as expected. For example, 
selection of this year’s crop is affected by choice of crop in the previous year, a reflection 
of rotation practices in the region. If the previous crop is hay then its effects on 
probabilities of choosing corn has positive sign. Also, if previous crop is corn then there 
is higher chance that farmer chooses corn this year; however, if previous crop is soybeans 
then farmers are more likely to grow corn and less likely to grow soybeans. These results 
reflect the fact that continuous corn and corn-soybean rotation are the most popular 
cropping systems in the study region. Slope is significant for crop production: corn is 
more likely to be planted on a sloped land than hay; and the negative sign of slope for 
soybeans, even being insignificant, indicates that soybeans are less likely to be planted on 
steep land. These results support the finding of Wu, Adams, Kling, and Tanaka that 
steeper slopes are more likely to be allocated to corn and hay than to erosion-prone 
soybeans. Since microbial activity is essential for the release of plant nutrients from dead 
plant material, a relatively large amount of organic matter in the soil is often associated 
with elevated crop yields (Soil Conservation Service). Therefore a positive sign of OM 
coefficient is not surprising in both cases of producing corn or soybeans. The standard 
deviation of spring precipitation does not favor choice of corn and soybeans over hay. 
The negative sign of standard deviation of spring precipitation for corn and positive for 
soybeans reflect the fact that large rainfall events during the corn growing season have a 
negative effect on the choice of corn and a positive effect on the choice of soybean. Data and model specification: Estimation results 
Variability of expected profits affects differently probability of choosing corn and 
soybeans relative to hay: the positive sign of variance in expected profit for soybean 
indicates that when the variance in expected profit for soybean becomes bigger most 
probably farmers will still prefer planting soybeans to growing hay. It might reflect the 
fact that farmers are not risk-averse. However, the negative effect of profit’s variance on 
probability of choosing corn relative to hay might reflect the fact that corn-hay rotation is 
very common in the region of study and farmers can switch between these crops more 
quickly. Finally, increase in own profit for any choice of crop increases the likelihood of 
farmers choosing that crop.  
Since nested logit is a nonlinear model, the impact of any explanatory variable 
( k x ) on probability of choosing any crop-farming practice pair  ij P  is not constant over 
the range of explanatory variable, therefore, the marginal effects are calculated for mean 
values of explanatory variables. The marginal effects in table 4 for the variability in profit 
from growing certain crop are computed as the derivative of marginal probability of 
adopting crop i with respect to the variability of profit. Denote the variability of profit 
from growing crop i as  i y  and the coefficient on  i y  as  i β . The marginal effect of 
























Own-price elasticity could be calculated as 
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 Data and model specification: Estimation results 
In addition, the marginal effect of change in attribute m in the utility function for 
alternative J  in branch I  on the probability of choice  j  in branch i is given by: 
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Marginal effects are presented in tables 4 and 5. From a policy perspective, 
marginal effects of profitability are of the most interest since it can be changed by public 
intervention through tax and subsidy programs. Table 4 presents marginal effects of 
profitability on a crop choice. Table 5 contains marginal effects of profitability on 
choosing the crop-farming practice pair. The profitability of growing crop has a large 
effect on crop choices with own price elasticities of 0.859 and 1.17 for corn, 1.057 and 
1.063 for soybeans, and 0.564 with 0.645 for hay for fall/spring and spring only fertilizer 
application, respectively. It indicates that relatively modest changes in profitability can 
stimulate changes in land allocation. The on-diagonal elements in tables 4 and 5 are 
positive, indicating that the probability of choosing crop and crop-farming practice pair 
increases as its profitability increases. It suggests that farming practice subsidy programs, 
perhaps offered by environmental agencies, may meet with considerable success. 
Conclusion 
This article differs from the previous literature on the adoption of farming practice by 
estimating the parameters of a nested logit model. If there is unobserved correlation 
among alternative choices, multinomial and conditional logit models generate 
inconsistent parameter estimates because the utility function is no statistically 
independent but is correlated through the error terms across these alternatives. When 
Independence of Irrelevant Alternatives assumption fails, then the nested logit is References 
appropriate method of estimation. Relative to a single-stage technique like multinomial 
logit, the nested logit model relaxes the assumption of Independence of Irrelevant 
Alternatives and allows to model dissimilarities in timing of fertilizer application given 
crop choice.  
The farming practice adoption is central problem in agricultural economics. Some 
farming practices can improve the efficiency of farm production and can provide with 
some important external benefits such as resource conservation and environmental 
improvement. Spring only fertilizer application is an example of such practices. 
The use of nesting structure confirms the general importance of environmental 
conditions in determining timing of fertilizer application. Higher variability in weather 
conditions keeps farmers out of field therefore forcing them to apply fertilizer in other 
season. This result holds for both fall and spring.  
Results also indicate that financial incentives can have a big effect on adoption 
decision of farmers. By controlling for the indirect effect of crop profitability on farming 
practice and accounting for unobserved correlation between land allocation and farming 
practice choice, we are able to more precisely estimate the influence of these policy 








Babcock, B.A., N.M. Chaherli, P.G. Lakshminarayan. Program participation and Farm- 
Level Adoption of Conservation Tillage: Estimates from a Multinomial Logit 
Model. 95-WP 136, CARD. 
Bain, L. G., M. Engelhardt. Introduction to Probability and Mathematical Statistics. 
Belmont, CA:Duxbury Press. 1992. 
Chavas, J.-P., M. T. Holt. Acreage Decisions Under Risk: The Case of Corn and 
Soybeans. American Journal of Agricultural Economics 72(1990): 529-538. 
Cooper, J. C. Combining Actual and Contingent Behavior Data to Model Farmer 
Adoption of Water Quality Protection Practices. Journal of Agricultural and 
Resource Economics 22(1)(1997):30-43. 
Cooper, J. C., R. W. Keim. Incentive Payments to Encourage Farmer Adoption of Water 
Quality Protection Practices” American Journal of Agricultural Economics 
78(1996):54-64.  
Feinerman, E., E. K. Choi, S. R. Johnson. Uncertainty and Split Nitrogen Application in 
Corn Production. American Journal of Agricultural Economics 72(1990):975-984.  
Fletcher, J. J., A. M. Featherstone. An Economic Analysis of Tillage and Timeliness 
Interactions in Corn-Soybean Production. North Central Journal of Agricultural 
Economics Vol. 9, No.1:207-215.  
Herriges, J. A., D. Phaneuf. Inducing Patterns Correlation and Substitution in Repeated 
Logit Model of Recreation Demand. American Journal of Agricultural Economics 
84(2002):1076-1090. 
Huang, W., R.G. Heifner, H. Taylor, N.D. Uri. Timing Nitrogen Fertilizer Application to References 
Reduce Nitrogen Losses to the Environment. Water Resources Management. 
14(2000):35-58. 
Huang, W., N.D. Uri, L. Hansen. Timing Nitrogen Fertilizer Application to Improve 
Water Quality. Resource and Technology Division, Economic Research Service, 
USDA, Staff Report No. 9407. 
Kramer, R. A., W. T. McSweeny, R. W. Stavros. Soil Conservation with Uncertain 
Revenues and Input Supplies. American Journal of Agricultural Economics 
65(1983):695-701. 
Kurkalova, L., C. L. Kling, J. Zhao. Green Subsidies in Agriculture: Estimating the 
Adoption Costs of Conservation Tillage from Observed Behavior. 2003-WP 286, 
CARD. 
 Lichtenberg, E. Adoption of Soil Conservation Practices: A Revealed Preference 
Approach. WP No. 01-12. Department of Agricultural and Resource Economics. 
University of Maryland. College Park. 
Maddala, G. Limited Dependent and Qualitative Variables in Econometrics. Econometric 
Society Monograph No. 3. Cambridge: Cambridge University Press. 1983:67-70. 
McConnell, K. E. An Economic Model of Soil Conservation. American Journal of 
Agricultural Economics 65(1983):83-89. 
Soule, M. J. Soil Management and the Farm Typology: Do Small Family Farms Manage 
Soil and Nutrient Resources Differently than Large Family Farms? Agricultural 
and Resource Economic Review 30/2(2001):179-188. 
Train, K. Discrete Choice Methods with Simulation. Cambridge: Cambridge University 
Press. 2003: 80-84. References 
Wu, J., R.M. Adams, C.L. Kling, K. Tanaka. From Microlevel Decisions to 
Landscape Changes: An Assessment of Agricultural Conservation Policies. 
American Journal of Agricultural Economics. 86(1)(2004):26-41.  
Wu, J., B. A. Babcock. The Choice of Tillage, Rotation, and Soil Testing Practices: 
Economic and Environmental Implications. American Journal of Agricultural   
Economics 80(1998):494-511. 
Wu, J., K. Segerson. The Impact of Polices and Land Characteristics on Potential 













                           
Figure 1. Model of crop and technology choice 
      
Table 1. Descriptive Statistics for Variables in Estimation 
Variables Mean Std.Dev. Minimum  Maximum
Individual Characteristics 
Field Size (acres)  63.57 46.84  1.3  380 
Education of operator  2.97  1.35  1  6 
Clay Content  25.93 5.21  3  42 
Organic Matter (OM)  4.19  1.6  0.75  8.5 
Field Slope (gradient %)  0.06  0.07  0  0.4 
Crop Attributes   
Previous Crop Corn (=1 if yes)  0.63  0.48  0  1 
Previous Crop Soybeans (=1 if yes)  0.42  0.49  0  1 
Previous Crop Hay (=1 if yes)  0.06  0.24  0  1 
Variance of profit ($)  153.1 118.84  0  552 
Fall Profit ($)  267.4 43.74  172.32  379.8 
Spring Profit ($)  262.2 39.66  172.32  369.17 
Fall Precipitation (in.)  189.8 38.85  130.64  322.14 
St. Dev. of Fall Temperature (F
o) 41.72 2.12  33.05  47.52 




Corn  Soybeans Hay 
Fall        Spring  Fall    Spring 
 
Fall     Spring 
  
Table 2.  Nested Logit Estimates for Probability of Fall Fertilizer Application Given 
Crop Choice  
   Corn   Soybeans    Hay 
Variables     Coefficient Std.Err.    Coefficient Std.Err.    Coefficient Std.Err.
Constant     2.95***  0.75     1.86***  0.07     0.72***  0.02 
Education   -0.149**  0.07    0.32  0.32    -0.337  0.512 
Acres    0.02*** 0.005  0.057*** 0.014   0.001  0.002 
Fall Precipitation    -0.02***  0.004    -0.027*** 0.008    -0.015  0.021 
St. Dev. of Fall 
Temperature    0.007  0.03  -0.110* 0.058   -0.718* 0.501 
Clay    0.02  0.04    0.19*  0.096  0.125*** 0.042 
Total number of observations used in estimation  6264     
Log of likelihood function  -3123.4     
Percent of correct predictions in sample  71%     
Note: *, **, and *** indicate statistical significance at 10, 5, and 1% levels. 
 
Table 3. Nested Logit Estimates of Crop Choice 
Corn Relative to Hay    Soybeans Relative to Hay 
Variable  Coefficient Std. Err.    Coefficient  Std. Err. 
Constant -8.09**  3.97      -8.55***  1.56 
Previous Crop Corn  0.34*** 0.028    -0.12  0.11 
Previous Crop Soybeans  2.06*** 0.59    -0.11  0.49 
Previous Crop Hay  0.031*
  0.023  -0.024***
  0.002 
OM  0.48*** 0.012   0.23***  0.007 
Slope  8.06*** 1.83    -0.45  0.96 
St. Dev. of Spring 
Precipitation  -0.  23*** 0.004   0.27***  0.008 
Variance of Profit  -.0008*** 0.0003   .0002*  0.0001 
Profit  2.45** 0.97   2.45**  0.97 
IV for Corn  0.84***  0.00    0.84***  0.00 
IV for Soybeans  0.56***  0.00    0.56***  0.00 
IV for Hay  1.04  0.72    1.04  0.72 
Total number of observations used in estimation  6264   
Log of likelihood function  -3123.4   
Percent of correct predictions in sample  71%   
Note: *, **, and *** indicate statistical significance at 10, 5, and 1% levels. 
  
 
Table 4. Marginal Effects and Elasticities on Crop Choice 
  
Marginal Effect    Elasticities 
Variables  Corn Soybeans Hay      Corn Soybeans Hay 
Increase in profitability of               
Corn/Fall  Application  0.045 -0.031  -0.014  0.859 -0.755 -0.098 
Corn/Spring Application  0.095  -0.056  -0.039    1.17  -0.967  -0.125 
Soybeans/Fall Application  -0.038  0.048 -0.01    -0.09  1.057  -0.079 
Soybeans/Spring 
Application  -0.005 0.022  -0.017   -1.511 1.063 -0.133 
Hay/Fall  Application  -0.007 0.001  0.006   -0.278 0.302 0.564 
Hay/Spring  Application  -0.009 -0.006  0.015   -0.447 -0.489 0.645 
 
 








Spring Hay/Fall  Hay/Spring
Increase in profitability of             
Corn/Fall  Application  1.039 -0.034 -0.132  -0.705 -0.075  -0.093 
Corn/Spring  Application  -0.034  3.257  -0.936 -1.917  -0.053 -0.317 
Soybeans/Fall Application  -0.132  -0.936 2.456  -1.365 -0.01  -0.013 
Soybeans/Spring 
Application  -0.705 -1.917 -0.365  3.634 -0.086  -0.561 
Hay/Fall Application  -0.075  -0.053  -0.01  -0.086  0.225  -0.0001 
Hay/Spring  Application  -0.093 -0.317 -0.013  -0.561  -0.0001 0.9849 
 
 
 